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Abstract of JP1 1274644 

PROBLEM TO BE SOLVED: To lower the 
working voltage while preventing deterioration 
of characteristics by providing at least one 
clad layer with a lean impurity region and an 
impurity added layer and arranging the lean 
impurity region on the side close to an active 
layer. 

SOLUTION: A multiple quantum well active 
layer 105 comprises three AIGaAs quantum 
well active layers 120 and two AIGaAs 
quantum barrier layers (barrier layers) 12f 
being grown such that the barrier layer 121 is 
sandwiched by the quantum well active layers 
120, A first optical guide layer 104 is formed 
by growing an impurity added layer and an 
impurity unadded layer from the n-type first 
clad layer 103 side. A second optical guide 
layer 106 is formed by growing an impurity 
unadded layer and an impurity added layer 
from the active layer 105 side. This structure 
can reduce working voltage, working current 
and element resistance. 
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vtflEEd tit v> a ^aSf*^*^ o 

[grass 2] ist£»^ »ss»o±Tcaa!tt&n& 

»toffi^i:£WU KT^»>«^* S RSS®^® 10 

[trass 3] rstt«^ Ratt»©±T-*fc»»e> 
#ii3©v^nM3fa«©#**^*^° 

4 x 1 0 17 c nr 3 W± 1 . 2 x 1 0 18 c m'Wf^S 
ffi&S 2 73>Slf «IM 5 ©V^ftA>£f3tt©*#i*$&#* 

2 x 1 0 17 cm- 3 W±l x 1 0 18 cm-Wt-*IW* 
Ia2 73;S^«^S5fflV^-r^^* i Cs3«©^*^7 , fi*^» 30 

MOTa^»«Kni««c*«- *5p»*««K© 1 / 5 ttT 
•t- & 4 nam 1 7J£»#b 7 © vNrn*cfiB«©*»» 

IB*©*******?. 
[flt#8 1 0 ] ttj|3^^#'>ffl^* s > 'J>* < t * P 

[If *JS 1 1 1 8Wa^*Mfc*JMM*© o *> n P Si* 9 
*7S> FJiXttnffl*<f-f H«K:ttltfc*©©»**5 

ia«4©*2»{*^^*^ 0 

1 2 ] mite^ S^^SSM^©*^* 5 3 n 
mW±l 0nmliJ.TT-feSW^a4 7iMtt*Ill 1©^ 

1 3 ] mtm'&M^mwLom.^Pi-pmbw.^ 
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1 5 ] 1313* 5 v PBXtttUfiBfttf'f b*B# 
AlGaAsm AlGaInP^#fiX9:InG 

fcri3«©*«#«f^o 

[it«a i e ] mmi. 4 cK*©**WM6**f *« 

4, nl^7-^ KJBXttnSl*3tr-f KJWESJ*«fc»M*fc 
[0 0 0 1] 
[0 0 0 2] 

[*£#©£»] V— FJKFkl/t* 
-c- & £rSttB CI? £^ ^ I/— tf V 

[0 0 0 3] i^PSV- tfC*V>T» tSSS^-©* 

©labcto^ti^-y'^-^* 5 ^^^*^^^^ * 

f»:cfi)iil(SCH:Separate Con 
f inement Heterostructure) 

[0 0 0 4] -fb^O*«ftli©«SiJ^tei:fl 
[0 00 5]^t, SCH^jg©g?#F^V— tft 

[0006] £©#**# v-iffi^au «iS©s?#p 

Jf 5 lOt^'J -^B 51 li:*&ft i.^ltf#P (M 
0 QW : Mul t iQuantumWe 1 1) rSttJl 5 0 



3 

1 <Dmmmt%A,x-m?#pm sioio «$<bw£© 

ifcSV^SlJktf'f KB 5 0 2Mf2^ KJB5 0 3 
tfRtt&ftT^S. LTs *©ffi*MB&i&A/T?»l3te 
:*H KB 5 0 2SVSIS2 3t*'f KJI5 0 3 J:5*«IBW|t 
«©**VMi-J81 KB 5 0 4StN*p-^2^7 

* KB 5 0 5**»W-&;h,T^S. 
[0 0 0 7] Z.CDitmttl'— tf*-?fc*V>T, ^r^'J-V 

©rac3i»tta?#pB5 i ox-frttfu ^©ffliijia 

(±MI 1 -f KB 5 0 2 Sy«S 2 >f KB 5 0 3 Xff 

[0 0 0 8] £CD£3feSCHttXCDi|&ffttl'-'!r)R? 
tt, 4-6 7 3 5 4 6 - 

2 5 2 5 0 8^&*K?fc:PI|ji*£*lXV^. 

[0 0 0 9] £©?*>, fi&¥4 - 6 7 3 5 4^£r3g© 

4WP6-2 5 2 5 0 ^NVflci/ 

[0 0 10] 

[^^^bctat-rsiis] ±jfi©scH«juc* 

ioT, ««fi«ftHSfc«)fctt3l6ir-f KB©BJ¥£iP 
[0 0 1 1] LiPb^AS^s <ftW¥6-2 5 2 5 0 8^ 

<*c»K KB£##.-Y KBfc©Mfc«tft 

p»a#£ b s © xawewEtftB^-r * t ^ a nsiBtf $ 

[0 0 12] CfttC*fbX. ^5p4-6 7 3 5 4^ 
*eo*aW*:i/— (C&tf-f KB£Wg3#i§ 

' in£*vt^5»^fc:fcj\- fc^-f KBa>e>*£l£B 

^ttfttfiMR b T SttB * 2Mfi3feS|g-&4» 
Sft*©T-rteBWUKn;*#£&TbSv\ imtetf 
^b-T 5 i: v^ -5 HIB#* 5 o 
[0 0 13] ££>C, tte*lc*v^Ttt^ FJBfe'S 
©X SttB C WJS-T 3 **»B^©^M^I^a & U — if 

[0 0 14] Ctlfe©dt{±fi^#PMb— tffH^JWfl. 
©*^U-1f3R?X*>RI*X*!K *£SB© 

V > T * |S]«ffl 3 i: #M X. £ . 
[0 0 15] Willi ^ © i 5 4t«fil01I5«^ 

[0 0 16] 

[ffitffl£i§?*-r3fe#©^8] *$8i|l§©*iWWSite*? 
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(is rSttB^s »Sttlo±TCi6lt&nfc^7s» KI 
fcSWt-S^^^JR^K^v^T, 'j«&<i:t)-*© 

U K^Mtl^'>^* s ^rS't4Btffiv^i|{ciH$tiT*3 

[0017] *^lfi©*?«*M*fli> «f£B m 
SttJi©±TC»W-6nfe3fe3tf-f KB*:**"*"***** 

10 «*#R«ttBCffi^fflCESftT:J3!K ^©3£:££ 

[0018] ^^©iMWWafeJK^ffcJu rSttB fcs tt 
SttB©±T-^C^{te,nfc^^'f KBfcft*fS* 

m»mftm?iz&^T, kb#, ^m®%s4>m 

ttBKiEv^«KE*nT*»)x *©£*:£ J; B±|3@B?J 

[0 0 19] S5B3^^#'J>«^i:HufB^^f3^D«^ 
fc©l«C^««*IHI«flMW*SB' bTVNT •& «fcV>. 

20 [0020] m&Wi&mifimttFmfr £ & o x v^x *> 

[0 0 2 1] mUB^^-f 'l*B©l9f3 : ftti»»iP*»K* 

tf4xl0 17 cm- 3 «±l. 2 x 1 0 18 cnr 3 JWTXfc 
•5©#$?i; bVv. 

[0 0 2 2] itulS^tf-f KB©gBiB7tt4fe8fttiHttK:£ 

#2x1 0 17 cm- 3 tt±l x 1 0 18 cm- 3 HTt-fc5© 

30 [0 0 2 3] SuI2^M^'J>«^^^(t5^^mett 
Hul3 3 Ftt«J«ara*«fc:43«- 3^&G$3«jK© 1 / 5 WT £ 

[0 0 2 4] g5§3^»6^#'J>ffl^©JP^tt 3 nmti.± 1 
0 nnUy.TX&S©#£? * bV^ 

[0 0 2 5] tdffi^»6«i»iHS*H:, d>«: < 1 1> pM? 
7yh'BXiipS*^ ^*B^caS^t?>^^Xv^T^)iv^<, 

[0 0 2 6] h5IBTS>6^I^«^©-5*.s pl^7^ K 
BX(±pMt^^ KBJClS;{tfc*)©©JP^#, nS^7 
>v KlXlinl**^ KJBKia!ltfc4>©©ff*J: D «>J9 
40 < ^^^XV^S©AS»* bV^ 0 

[0 0 2 7] «3S7*6«)4>IBI«S«Utt©JP»a 3 nmtt 
±10 nrntsTX-feS©^^ bV-><, 

[0028] aiifflsttji*«a»©«?#PBj:»a«© 

<. Kfi?#pB©SSiJ^ISct5*)^t<$jxX 
50 [0 0 2 9] jiu!3##-r KBtciJV^Ts miiB^Sifi^iO 
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[0 0 3 0] buIB^ 5 >;> KJiXttWB^if'f FJS&A 1 
GaAslW, AlGalnPSWXttlnGaN 

[0 0 3 1] #»IB©*^^*^«jS#iStt*» 

inJBSim^ft^nBftJ&RS^ fgHESS^cfSfcil 
it: i 5 M^SiQJi* 1 ^^^ing^^ft 

[0 0 3 2] Huga ; Ftt4»M«aPJiO'5*- ps^^-y K 

JBXttpSJifejtf'f 1* ©©*#** n 

[0 0 3 3] filT, *«W©f^fflfc^^"C8iWr*. 
[0 0 3 4] *^{cfeo-r{±, rSfflf ©±T£t£W-£ 

ttftraKtrcfttt t ft* u ^mvowtim-m*. t> & ^w** 

SCOT?. iim^C^Sfc^MB^^Sttg^**^** 

sstw * © ft =f *a»*^««tf ww-i - s - 1 * s ^* * * • 

[0 0 3 5] flk©#$gfiHK:&-3Tfciu rStt»©±T£18! 
Stt5©t> ^#-f K«^{*©ffitrtftT(f ZZt&X' 

£> © ft ^*fi«J*'i>1S**Tf *P»J bT JR^ ©{fMttft |SJ± 

[0 0 3 6] flii©*SSH^i-feoTii. rS14Jl©±T— # 
tci&tt^axfe^tf-f b-g* s ^&%«l$l££ft^-ri>© 

Cv YMt&^y K«i:©H©i£«CS{4ft®S"f 

SCi;#T*§£©T% itK^SffiftfgisTrS-ktfT-t 

Hffi^^ffl^rSffiS^S^fflltiffi^nTV^©^, 31 
ft^tt*jft'J>«*c#Pffi9 LTSK?©{f^ttftrsi±£-e6 
[0037] se>s^ ±m^m^'J>^.Mt.^mimw}n 
< > ^w«j#'>«*««t 5 *>?tiv^tt»*iffl*SE«#fttt 

SU.«WK : T ! »fc ! ** s *S*C'i" -&©ftB6 <* - k * s t- * £©T% 
*^©{33S1£ ft £ D -Jf [ql±$ * * - k #T? * 5 » 
[0 0 3 8] »Cs rSttB* 3 *?^*^^*^^ 

®it*©fc-r* >; fe 7 f ; ^is^i^"t^Ji»3t* s ^b si 
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^©^ttftffitfcftfflfflrs 3©"^ #fC 

[0 0 3 9] ±I3##^ KJg©^tt«l»araffi*fc*H-* 
^HfttfpSTf*5^ ^iW4»©^-vU^«Kft4x 
1 0 17 cm- 3 Kil. 2x 1 0 18 cm- 3 fcrR- 

Jgft 2 x 1 0 17 c m- 3 W± 1 x 1 0 18 c m - 3 Jii.Tfc:IS/£ 
■fS©iW*b^. d©ISHK:K^-rS3i:t:«tDx ft 
flMBffift:£3&C(£»-rsJ:#CN : WWII«aiMRWC*«" 

<Dim%mm& t <t s raes&fb ft wwj 

^©dr-y U -VBH bjito^fgft^-f S?tST-$>ti«S iV^„ 
[0 0 4 0] ±|3 ;: f^# / J' x ^C*tti) ; f^©^^ 

gJK© 1/5 felTT-&*xfc£, iimtt'WS&JS^©^**^ 
iS»ft«»CW*J1"* - k* s T- £ So 
[0 04 1] ±fB^*M&#'J>flU*©ff*tt 3 nmtl± 1 
0 nmiilTT-&5©>Wi bl'-o 3 nm5fe?i■r•(±ilS , ^ , 
\z #rSt£S C ffifC b T#tt£<b ft 5 1 § S * 
fttf&Ds 1 0 nmftS*S»^fctt«{i*a©fc«>K: 

^ttfcBanwa^&iStt*^©** "J ^?±A* s Pis^tx 

5©Tn ftfpSBE#i* ^S&^tv^fcSo i*U ^S*^ 

^□^©JP^c^-tfjiu h*Ji©±§-&£J±^ 
[0042] im^n^'pw^ pi^7^ kjbx 
m<D^m^'PW$,<vmzmm-%fto it tt-emv^©-e. 

[0 0 4 3] X^aB^^'J^t^© 3 ^, pS^7 
>^ YmX&V%Lytm FJltl5(tfe*.©©P^ft, nl 
KlXlinS*^ K«t «»&%>©©** it) 

t«?*pf^»KSbT. •€©4fcttaE'&fcJfe&"C 
^»6«)*'J>ffl*©JP*ftft'JW*-*c:i:* s 'C*5©'Cx * 

[0 0 4 4] ±f3^^ t 1 3B |-iiJSffi^©J»^i± 3 nmiil 
±1 OnrnttTtfeSOWtb^. ClClSHfcaS^t" 

[0 0 4 5] ±l3?S'ttJiA s ^*S?#PJl* i e> , 5:5a 
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muni** j^j^rnvrnfffimzQ m. 

[0 0 4 6] ?Mto*4>«4t*TMl*4>m*K 
^J««**tttt#^«W©£fBW«.fc 5 */hS < "T5 

[0 0 4 7] ±K* 7 v KJiXiiT'fi^-l' F »tt A 1 G a 
As3M?f£k A 1 G a I nPItfiXfi I nG aN^# 
Umx^X^^o ftC AlGalnPIMHT-tt 
Al GaAs«^tJt^T^M^I* s ifetlb^V>CD-e«- 
InGaN^fliAlGaln 

^©T'^T-i&So 
[0 0 4 8] «tfeo"Ctt, ^IM^Cillt 

©f&JSffi©i&K (i^ftfiK«aK) ttx 0!*.fc^ A 1 G a 
A s «WSt tt 6 0 0 °C~ 8 0 0 "CT-fe 5 , A 1 G a I 
nPI«fit-&5 0 0'C~7 0 O'CT-^!), InGaN 
Zkttmx-lt9 0 0°C~ 1 1 0 0'CT-$>3#. ££fc£$OT 
•TSfe»fc:fSttJi©BEfifflJEJ;»)*)«5l5 0'C~2 0 0°C 

[0 0 4 9] ±f3 ;: F^»^iD®© a *>> p3g* 5 v K 
IXttpi^M PJiJgJSfcfflCRW-fcfc©©**^ n 

[0 0 5 0] 
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[0051] (^5sjk« i ) *mmm 1 thu <; * ^ 
[0052] hi temmmm 1 ©*ag&v-if *?©» 

[0 0 5 3] C©#a»^U-+f*^{i, n-GaAsl 
fil01±Cn-GaAsAy77ll02, n-Al 
o.eGao.sAsf HI1 03^ Alo. 3e Ga 

10 o. 66 As$lW KJ110 4, 7>b--7fil?# 
PrS&Jl 1 0 5 , Alo.3.Qao.wAs»2Jt^Ki 
10 6, p-Alo. 5 Gao. 6 As|2^77FI10 
7, p-GaAsx^>^ h vTM 1 0 8 
m^tvTV^S. h 7 71 1 0 Sffl^SPJi 

£14 U 5/-7Xh7'f70p-Alo.6Gao.6Asi37 
7V Kfl 0 9Wp-GaAs^+^7fl 1 0 

«fc3fc^y 7->#X Y- v?m 1 0 8©ffi5^gP©M^Jl±n 
-Alo.7Gao.3AslS^iDMll 1 h n-G 
20 a a s mmm±m 112, p - G a A s ¥S<ftiJf 1 1 3 
#8S:t*£>ftT^£o ^©±£3^ s»7g 1 1 os^fa 
•fbjfl 1 3®±ttifeotp-GaAs3>^7M 1 
1 4#^:W-f>*Vt:V>5. p-GaAs3>^7Ml 1 
4 ©±fct±pSi«BS 1 5 0 ?>ft, StSlOl ©# 
4»fltJiJ*filiIi:S*r«©iiiKttnffi«Sll 5 l&Wtttb 

[0 0 5 4] tf^?f±> W^HTCJ: 

[0 0 5 5] n-GaAsiRl 0 UC^IH 

30 §©mocvds {mm&mzttam&m) n- 

GaAs;ts/77ll02 OIJPO. 5 Am, F— /1> 
hSi, **y-V»Kl x 1 0 18 cm- 3 ) , n-Al 
o.6Gao.5Asil^7'yF110 3 (HJ? 1 . 5 a 
m, K-^>bSi, ^^'J-V«J88x 1 0 17 c 
mr 3 ) , Al„.3 5 Gao.e 5 Asil*^h-I104, 
y>h--7^1I?#P)SttI10 5, Alo. 36 Ga 
o. es As^2^7J-Y KJS 1 0 6, p-Alo.sGao.sA 
sgl2^5>>.y K/fl 0 7 (JSJP0. 2 5 /zm, K— 
h Z n, + 'J -*»K 1 x 1 0 18 c m- 3 ) „ p - G a A 
40 s^-y^->V7. h- y?m 1 0 8 (SilO. 0 0 3/im, 
H-^>hZn, *+'J^lSl x 1 0 18 cm- 3 ) , p 
-Alo. 6 Gao.sAst3^7'> KJ§1 0 9 (J1JP 1 . 
O^arn, K— b Z n, »J t«1 2 x 1 0 18 c m 
- 3 ) Mp-GaAs^t^7-Il 10 OfffO. 7 u 
m, K— Y Zn, Jrt'JtiI3x 1 0 18 cm" 3 ) 

[0 0 5 6] CCf, #Mfi^#PrStSJl 10511 H 
2t^t<tot:, 3IOAU. i 2 Gao.8sAsl?#p 
Ml 2 0 OlffO. 00 8^m) i:2Jl©Alo. 35 Ga 
50 o.e 5 Asl^II (mjtl) 12 1 (JfJPO. 0 0 
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5 Mm) ££#M?#pJf 1 2 2 1£ 

tktsZolZi&fkZ^fzo *bT, miftm FBI 0 4 

tt, n-SB awfrk^M^inJl (B 

JPO. 0 3/zm, K-^>KSi, H.ytSS5xl 
0 17 cm" 3 ) fc^SMB^SBiraB (BBO. 0 2/zm) i: 

sj&ss-efc. SB27fe#-r kbi 0 6ii at* 

ill 0 5 & =T=»64aJ#N«j(inJB (BffO. 0 2/zm) i: 
^m%»mm (B*0. 0 3>m, K-;t>hZn, * 
* 'JtSK8 x 1 0"cm- 3 ) t^figS^-y-feo 
[0 0 5 7]*C, ^b7>f7*©V^h/^->t 10 
^^fcbW'y/Si l 0%att(DX h7-f (± 
BH2/im) Ciax-*-*. £©Ot«U K^r©*-^ 
rTJil 1 0S^i:Up-i3^79 KBI 0 9£ 
i;yi'Xh7'f 7 (Hi2. 5//m) iCjjDXfSo C 

[0 0 5 8] ,f^T\ SS2|!g©MOCVDi£i;:J;») U 
v'JT. Y^^i 7%MlsbiMx£o Cn- A lo.7Gao.3A 
s*«BtHUa»» 1 1 1 (BJPO. 6 Mm, K-^> 20 
hSi, ^ft'J>ifflxl0 18 cm- 3 ) , n-GaA 
sSiftPlitB 1 1 2 (BJPO. KwOKS 
i , U i'igJg 1 x 1 0 18 c m- 3 ) , p-GaAsf 
ffifbB 1 1 3 (J1J¥0. 3 Mm, h-^>hZn, 
U -^ifiJK 1 x 1 0 18 c m- 3 ) 3 o 

[0 0 5 9] f©t, ^t 97 ® 1 1 0_©ifi±fcJSfcftb 
fe?SI^X')'f>^J:t)iiLt^t'y7'Il 1 0 
£0. 3^m©JIStMU ^3IH|OM0CVDS 
Ct5*+i!'7Ill O&tWSfbB 1 1 3©±Cfofc 
^Tp-GaAs3> ; 5'^Ml 14 (BB3/ims K 30 
-/rybZn, ^t'Jtlll x 1 0 19 cm" 3 ) £jE£ll 

[0 0 6 0] ±!3MOCVDjES;S4 J ©I^MM?BjS «£H 
J&SSK) (£6 0 0°C~8 0 0*CT-& t>> £*i!c<fct>SB 
l*3tf-f KB 1 0 4Wi2M^f KB 1 0 6flW« 
^flnB^fe^^l^DS^©^ ^ffifc* 5 ®- t) > 
r£t£B©;figl©^> K^7^7At^+ 0tig©7> 
^{±H2{C^-r«fc^ &fc©£&3. 

[0 0 6 1] EP*»s SBl*^ KB 1 0 4 tin-SB 1* 
=7V KB 1 0 3<IB#6^*6»8Hin«J*l 3 0 (BJPO. 40 
0 3 /zm) h^WM* mmS.W$, 1 3 1 (BJPO. 0 1 
Mm) t^**«JiBK**^*ft»»linfil«l 30ffll/5tt 
T©iStfe?.^Sit)f!J>««13 2 (BJPO. OlM 
m) fctC^-iPil-So »2 3fc^ KB 1 0 6ttp- 

SB2^7-y KBI 0 1 UftttWfaWMW$>l 4 0 (B 

mo. 03 Mm) i:TOm<pmaK«**i 4 1 (bjp 
0 . 0 1 Mm) h^^mmifi^m^immm 140© 

1/5 JiTF©«jST- & * 5flttBi#4>SR« 1 4 2 (BJP 

0. 0 iMm) hizfrfrtiZo «ot, 3mw*b©*sii 
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[0 0 6 2] «»{c: N 1 0 1 ©*MS±fc 

#^ pStl 1 5 0 S^nitl 1 5 1 fcj&jEdS-r*. C 
^Tn iJMWH/ -if *?©#«§§«& 3 7 5 urates 
^tHltl©«BiiA l a O a ©*BIK3— t 1 ^ >^<fc5 
Stt*£10%hU SMffl©SSfflttAl 2 0 3 i:S i i: 

[0 0 6 3] C©i?t bTff £>*l-5#flfl£^l©* 
KBffl^C^M^iS^ab^ofccifcW^tt 

^jibj&ib 1 tmmiz LxifMistzitmm 1 ©*imw*:u— 

W*U±S5M0&JB 1 i: mm C LTf(s« bfcitKtfl 2 ©^ag 
#1/— ifSR^fcov^-Cfc, ^©^^ffi&TIB* 1 
1". 

[0 0 6 4] 











Mtigfl 1 


20mA 


1.80V 




it«#J1 


20mA 


2.10V 


15+-A 


ib£tiH2 


25mA 


1.80V 


5*-A 



[0 0 6 5] ioati «t a ^mmm-mi 

T-SSo ^nfcfcfbT, FB©^«t^»fi«BS» 

ig i ©^ag^ v -if*? t mmic mttmm&m&-e t s 

7fc*H KB©ffii/M> s *§ <5feS©T-*?JgJfcA J Jf^: 
b. S^7» KBi:*^ KBfcCiatmffiWS* 

«fc^tt«9*«Sin b&JttWI 2 (03MH*;i/-if*ftt, 
H'sO'FttltolMRt: J: f v-if^tt* s ^bb, Mitmm. 

[0066] 031c, ssi kb 104 co^mwm 

AD^©=^+- U-^ffiS* 5 x 1 0 17 cm" 3 iC^U SB 
2^5tH KB 1 0 6 ©^$ifi^i)nffi^©^-V U -Vjgfi^ 

%2.ytm KB i o ec^TOiP^c^-vUir 

18t8x 1 0 17 cm- 3 CKU %\%j34 KB 1 0 
4 ©TF^^inU^© ^ 'J -^SS £*fb $ i: § © 
i&^«S©^b^*ro 
[0 0 6 7] C©H3^U c ll4^?>fcA i ?)«tdi'C N ^$ffi 

[0 0 6 8] 00*.^ SSlTt^W KB 1 0 4©^r^'J^ 



11 

iia, m 4 icy*? «t -5 ic 2 x 1 0 17 c m- 3 u±cts;^ 

Va 0 flU »l3fc#-f FBI 0 4©*^'J-fiUK#*# 

#4 KB 1 0 4T?«3te»**«ttTb^-1fWtt©*fl3 
«3I 1"©T% $B 1 JfejtH KB 10 4 ©** U 
Kttlxl 0 18 cm- 3 WTtc:iS«-rso*sM* bv>„ 
[0 0 6 9] -75, m2jft#-1 KB1 0 6 

sbu m 3 fCTjvr «t 5C4xio i7 c m- 3 &.±izm&-r 

V>. flU Fll 0 6ffl+^';tII«g 

■j-ssfcK^jfctf'f kbi o 6iz&vz>mm&&>)&m 

-T©T% *2ifciH KB 1 0 6©^-V'J^«flEttl . 2 

x i o i8 cm- 3 JiiT£!£:£-r.4©#a£b^. 

[0 0 7 0] M-fh-110 4, 1O60?« 

4^ji>««©b»#** sirr^t, s^»s©fc» 

jp£, mttl OnmttTCRStiOtfiibV^. fl 

M%* s Stt»(3tetScb-C«ftt^b^?l§®^^. =fco 
Xs ^»»#iMW«©Ji**3nmJW±fciasE-r*©*« 
S*bV^. C©^lH6^#'J>^«C*i{tS^S56ia©^r^U 

[0 0 7 1 ] ££>C, T»^t&iin1Ktt£7Mtt#<»16tt 

etc .to, iim*©^«*^i»n«^e>^«yi^©T 

> #©«*tw»j*- zzt&T'gzcDX'. #s^<b©^it 
izttvxzt>iz%}m&&z>o b*>*>, ^Mfttpimuefi 

-T4Ci;#-t-£, -^©^Ss iSttE'v©*+>;-Vi£Afc 

3 nmllh 1 0 nmJW.TT-fe4©A s 5f S bV>„ C©^H 

^lc^t)* s i£t!t1-i»©^^tl55<-cih*ST-t, ^ 
tt*B»iD««*e>Sttji^©=¥-+ 'J ^i£A£P.i«-f 4d 

[0072] (mmmm 2 > ^mmmrn 2 -euu ^^^r 
KB©atM«fift't >j ^mamm^fm a t> */.h* < , * 
■b, *?#FB©*»j*«j:&t>*s< bfc0scov>T 

^t-4o 

[0 0 7 3] H5£5BreS2<Z>**tt1'— !f*?©Br 
HEItrfe4 0 

[0 0 7 4] 3©*SSftl/— tf^^tt, n-GaAsl 



(7) ^P8¥l 1 -2 7 4 6 4 4 
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1£ 2 0 l±tn-Gao. 6 Ino.sPA5'77l2 0 2, 
n- (A lo. 7-Gao. 3 ) o. s I n Q . sP^ 1 ^ v y KB 2 
0 3, (Alo.rGao. 3 ) o.6lno. 6 PilW KB 
2 0 4, J >H-7"fit?#pffittS2 0 5, (Al 
o. 7 Gao. 3 ) o. 6 Ino.6P$23t^ KM 2 0 6RZF 1 ) 
v*JX h7^72 0 9gp^i:^SIf|5i:**1-4p- (A 
lo.7Gao.3J o. si no. s P!2^7y KB 2 0 7 AMI 
Bfl28fc£*lTV>4. p-^2*^ y Kg 2 0 7©«J \yS> 
Xf7>f720 9gB#©±Cfci:p-Gao. S I n„. 6 P^ 
10 t5»712 0 Si^fiK^flTV^. £© U y F 5^ 
72 0 9©p{Pi|^a»jitfidtCp-^2^^^ KB 2 

0 7©¥fflgP±{Cn-GaAsSgit>tegBbC©S2 1 0 
#BfttJ-£>*lTV>4. *©±C^r+y7 , J12 0 8 StWtSE 

%,mKzsbm2 1 o©±{ct>fco-cps«ii2 1 2&w 

nS112 1 ltfBHtfeiXT^S. 
[0 0 7 5] zo^mfol/— tf£?fc£> 09*ttWT©J: 

[0 0 7 6] ST, n-GaAsii20 l±MMOC 
20 VDai:it)> n-Ga„. 6 Ino. 6 P^';77l2 0 
2, n- (A lo. 7 G a 0 . 3) o. s I no. sP^g 1 9 v «y K 
J12 0 3 (BJpl. 5/xrn) , (Alo. 7 Ga 0 . 3) o. 6 

1 n 0 .BPSg23fc#-f KB 2 0 4, 7>K-7#li? 
#PffiM2 0 5, (Alo.7Gao.,)o. 6 IHo. s Pi 
2&#>f KB 2 0 6, p- (A lo. 7 Ga 0 . 3) o. si n 
„. 6 Pf2^7'>KI2 0 7 (Bffl. 5/zm) &tfp 
-Gao. si n 0 . 6 P*t7 712 0 8 (BJP0. 3 jj. 
m) ^fiKSf 4o 

[0 0 7 7] ^fifi^#PfSttB 2 0 5it 0 

30 6 C^t,t^C, 3l£DGao. 6 Ino. 6 Pl?#Fl2 

2 0 (BiPO. 0 0 8/zm) i;2B© (Alo.sG 
ao.s) o.sl n 0 . sP/n-'J-^B2 2 1 (BJ¥0. 0 05 
ura) t ^ Ml? #PI 2 2 0 'J tl 2 2 
trJ:-5CfiK«*-frfc. ftt, JB 1 3fc*-f KB 2 0 4 

a, n-^1^7 » KB2 0 zni^^mmmtm (B 

J?0. 0 15/zm, K-/^bSi, ^-v'J-¥j§S7x 
10 17 cm- 3 ) t^Sffi^^mSDB (BiPO. 0 2/zm) 

14B2 0 smfttttmiimitam mmo. 02^) 

40 ttWto&tiaM (BJP0. 0 15/zm, K— ^>hZ 
n, ^';tSglxl0 18 cm- 3 ) 
[0 0 7 8] ±fBMOCVDfigfttt J ©^MMiS,K (ISA 
MES) tt5 0 0-C~7 0 0Wfet), ^n^=fcf)^ 
1 TfeTJ-f KB 2 0 4J5txm KB 2 0 6 T-tt^FM 

SttB©i£^©^*> K^-f T'^^Attiaetc^t-.to'Se 
fc©£&4<, 

[0 0 7 9] HP*,, ^1>tj^^ H12 0 4lin-^17 
7-vHf2 0 3iSSfr?, TOGftl8ttnff(& 2 3 0 (BP 0 . 
50 0 lAm)-fc^tt«B*H«S««2 3 1 (BB0. 0 1 
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5/zm) t?»^i«2 3 2 (JWVO. OUm) 
i:£#*>*i,5o ^2^^ KJg2 0 6iip-^2 

t^vYm 20 imi*^wfami)uw$,2 4 0 owp 

O.Ol >um) fc=Ftt*J*IH«fi««2 4 1 (JWP.O. 
0 15/m) i:^FMt)?aje* s ^^#^«^2 4 2 (Ji 
mO. O l^m) tWhS. t^T, ^zg&Jf©^ 

[0 0 8 0] P -» 2 *5 y YM 2 0 7 Xtf*ir 10 

^712 0 8 Sxyf>^U p-»2^7f b*/g2 0 
7©¥tSS!5©^UP;*A s O • a/zmfc^tSiot^y^ 

[0 0 8 1] igg^T. MO CVD&Cfc t) U yS?^ H^ 
^72 0 9 ©l^^fJl^a^jitfi^ tn-GaAsl$ 
^IB D&£>B 2 1 0 (JgJPl. 2/m) ^figft-TSo 

[0 0 8 2] *«fc, j&£JR&V£iK 2 0 1 ®^®±£ 
§*pSiI2 12MnSli2 1 1 ^JKJEiKTS. ' 

OO/imtU #Jgg§©^Wit{l©i&afctRi**& 5 0 
[0 0 8 3] £©£?£bTW£;fr3#ilS£l^§2©¥ 

m 2 0 4SVf 2)6^ FJg 2 0 6 ©^fgiJ^IItfS?* 
PJg2 2 0©*fBWi<fc9:*:& <- MUi'Ji 2 2 1 ©»: 
fi^*I,£ ^frT^So — jftC N AlS-^tr 

^#{*Ji© A 1 iiffiit fcS«&flStBt±It0i©H«fc » S © 
gllftyfM F12 0 4&tfaJ2 3te3tM K12 0 6© 
AlSAJt (x=0. 3) ^lfi?#Ffitti2 0 5 30 
©S?#fJ§ 2 2 0©A ltlfttb (x=0) <fc*)*£ 
<. M'Jtl2 2 lCDAli&fttfc (x=0. 5) <fct>'h 

i-3t, ^^^Q«:$*£Stt)g^©^iW«£i&££ 

[0 0 8 4] ^^®>n^£8* s £>tBeJg^© ; F 

*'M«©If sts*©^^^^ 40 

r£tt/i^©»^&A£R*Cir3.rh#Tti>©T% ft 

[0 0 8 5] ib^^i&m<DMffl^fa£S%T 

©e#f** s iS<^^T^©racjito* s tiinb^ gM««E 
©{&?$£ H 5 C b. #T* f S o 
[0 0 8 6] *mi&&f&2<D*m&V-1fMttPi\s~Z 
nmm& 2 1 1 fcplli' 2 1 2 fc©|HfcJR#|q|*EE& 5C 
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EPSDbfc*^, 35tS?fcftO. 6 5^ Hffit%30m 
A, ««-jfeffla«tt©*n--7»*0. 6W/AM 
^tB* 3 mWTf ■M^*#fc i: SO*?»tttt^ «rf^«* 
3 5mA, iftff2Vt-$5. Cjltj!fUT, 

#2. 3vcJt^u jtitf-f Ym<o±wz.^tm}*.m\\ 

Lfc»^fcB\ ttflMtEEtt2 VT-&S* s 3M;*©##f 

KJi^fj^ss^©^**^^^ t>8W1MB«t#5 0 m 

[0 0 8 7] (ms&w^m 3 ) *nnw*m 3 -e&s 

[0 0 8 8] d©^MH*V— IfffS^fc&V^ 
— !f ^©fitiittlll 5 CtP bfcHSB&fS 2 

So 

[0 0 8 9] -etT, *^«SB«_3Tf%»llflB®JB2i:H 
*C % «e»B8fi4>cD««ffilc:J:»>!Bl3te*-f HJ8 2 0 4 
StF^2^fc^ HP 2 0 et-ttWtllM*?'^ 

[0 0 9 0] BPt., SB 13fe3tf-f F1204ttn-*lf 
5 5/ KJB 2 o 3«fc£^6^^;bnM££2 5 0 (BJP0 . 

o i Am) fc^*M»*iffl»K««2 5 i mmo. 0 1 

5 um) k.^Vm&PW* 2 5 2 (J1P 0.01 >t/m) 
fcWtiS. -*v »2**-f KJB2 0 6ttp-»2 
^5 v YM 2 0 70Jl* i ?. ;; T ; ^^Dffi^2 6 0 (J1JP 
0. 0 1//m) ttWto^WNSWA* 6 1 (JgJPO. 
0 1 5/zm) i:^^)«S4 s ^^#'>M^2 6 2 (Jg 
JP0. 0 1//m) kC^4>n5. iC^Cfiftl© 

[0 0 9 1] :CT% *H^ff^3T-{±, JSlJfctf'fl* 

ji 2 o 4 cD^mmma&M 250 s^i 2 ym 2 

0 6©^*fi^l«Sn^2 6 0©A ISffitb&O. 2X« 
0. 3tU fli?#PSttI 2 0 5 ©S^#PJ1 2 
2 0©AlSfttt (x=0) J;!9^:t<s MU^)i2 2 

i©Aisffiit (x = o. 5) «t5/^s<afts : rs. I 

H7K:wbfeJ;'5KSB13te^ KM 2 04©^*6 

«a«sin«a*ii 250 st>*^ 2 ym 2 0 6 ©^ti^ 

iDM^2 6 0 ®^J^i|iS:S?#Pii 2 2 0 ©S$iJ^*g 
iDM<, ;tUti2 2 1 ©^J^tsi D < 

miytiM F12 0 4©««M«2 
5 2 Sth*^ 2 K Ji 2 0 6 (D^U^'PW^ 2 6 2 

©AlSfttb (x=0. 5) tt^l^^J-f b*J12 0 4© 
i 3p*6iftj8ara««2 5 0SV»2 3fc3tf-n*Ji2 0 60^*6 
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*«S3bDffl«2 6 0©AlJBffiJti (x=0. 2XiiO. 
3) dJO, E17^^bfe«td 

CSS 1 %134 YM 2 0 4 <DWm$}>Pffit& 2 5 2 
2*#^ FB 2 0 6 ©TOMM&'JJflWU 6 2 ®&ffi|ff(B 

*'* i %m HI2 0 4 <D^mmmumi% 250 avse 

2>fc#-r K»2 0 6©7tt«$ill]fl&g2 6 0©»*J^*i 
J:!) -nici!), fittI^O++'J7 

iw4»«ain««<z) a 1 £ Att znmBm 2 «t t> * $ *> \z >\\ 
h^m^^mamwi-kmmm 2 <t d *» $ 6 

[0 0 9 2] CCT\ ^5&<i:4»^tt»*in«»2 5 
0, 2 6 0 ©stftlfiHi ifilkttFm 2 2 0 ©Hf^ta J: 
MU-VS2 2 l®*fflffMJ:!>'.h3<tt£3 
ftTV^ticfc < , 7M«*IH«SffU*2 5 1, 2 6 1© 

2 5 2, 2 6 2 fcl^bmUfiMitrb H8t55 
f <fc a K^iW4fe«aiD«* 250, 2 6 0 i; IS] bSHMflMI 

[0 0 9 3] ft, ±gai5Sli^JB2SV3t^bfcAlG 
a I nP^T?l±A 1 GaA s^Ctt^T^ift 

-T 5 d h Claire 5 o 

[0094] (mmmm 4 ) *x«0&ig 4 aa^^y 

[0 0 9 5] m9{±|^E^4©^a»^b-if«?©»f 
BEIT* & 5, 

[0 0 9 6] C©*3M*^— if*?fcJu t7 7-f7«fi 

3 0 0 2Mn-GaN| 1 
*5»Fi30 3, > > K-7f-i?#P (SQW: 
Single Quantum W e 1 1 ) SttB 3 0 
5, Alo. 2 Gao.BNf2?7-y FB3 0 5SVp-G 
&N?>## bJf3 0 6 ^SWK^jftSnTV**. n-t& 
1^7>yKJ13 0 3, tSt±/f3 0 4, SfS2*5vpJi3 
0 5M3>^^ Mi 3 0 6lin-fl^7V KB 3 0 
3£-3i5@tH£-y-;fc^1r* h7-f7313 fcJ&jfcSftT 

*bT* n-^1^7>> KS3 0 3©mtH^±C 
linitS3 2 0#ffM2ft, 3>^^bJ13 0 6±C 

[0 0 9 7] Z.<D*m»l'—*rX¥^ MiLtfUTOJ: 

atbt#M-r5c:i:A j 'r-#5. 

[0 0 9 8] ^"T, t77-<7l«3 0 1±l:MOCV 
DffitJ;!)GaN^-y77l3 0 2 (BJ?0. 05// 
m) , n-GaNl 1 i'v-y FS3 0 3 (BJP3//m, 
K-^>bSi, HUtiI5x 1 0 18 cm" 3 ) , J 
>F'-7f-i?#pfSfil3 0 4, Alo. 2 Gao.sN 
I2^79KI3 0 5Mp-GaN3>^^ FB3 0 



(9) mWf- 1 1 -2 7 4 6 4 4 
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6 (BJfO. 2 Am, K-^>bMg, *+iJi?»K5 
x 1 0 17 cm- 3 ) SfigS-TS. 

[0 0 9 9] c;t\ Jji-m?#FrSt4B 3 o 5 fct, # 
gOGao. 2 I no. s Pfi?#pJi (If 0. 0 0 3// 
m) *fi£fi#*fe. ^bT, *2*7fKI3 0 5tt, 
SttB 3 0 4M*&7tt«^NSUaJI (JiiP 0.03// 
m) £TO&ft$i(jnJ| (If 0. 0 7//m, b*-^>hM 
g, H'JtiaSxlO^cm- 3 ) i:£5£jl£#;tr„ 

[0 10 0] ±f3MOCVD$ft^©f&«M?&K (ifgfl 
10 J&liaK) {£9 0 0°C~ 1 1 0 0°CT-& t>, CtltiD 
m 2 * v y Fig 3 0 5 fliW»SilBPW«a#I 

iwji^©*tt»ifitt#je£ 5, ffiflyg 3 o 4»?,?« 

*#'J>««3 10 (BJP0. 0 1 //m) 2:7Mtt4)|BI« 

sti3ii mmo. 0 4 um) t.^m»mmm3 

12 OSmO. 0 5//m) fcC**ft5. fcT, 

Mtt * H«£ flttt 1 t ft < ffi m 

&7Dt^f^SIStiS. 

[0101] ^&ffl^, SICP3M©U^ hvx^S 
20 JKJ&bT K^'fxy^tJ; 5^1rX ^^73 1 3 
•*JgJ*U n-fSl KB 3 0 3 ©gffiglLt&tf 3 

* hB 3 0 6 ±{C#^ nltffi 3 2 0 XVpSMM 
3 2 l£JfcfiK-r£o 

[0 10 2] i©±-5KbT»6*l**HJKKJB4ffl» 

*B«9 (Mg) CDSttJ1^0ffi»*^*ft!»*il>«l*Tf«iJ» 
30 5^i:tff?s„ cr©*^, pS^?yKJM 

[0 10 3] *ge«HBJIB4 0#B7fcW*-H* : ?lC*fb 
TnI113 2 0 tpSti3 2 1 i:©|fflfcJR*|Ri«£E 
fcfflMlbfcW^ »7t«fi0. 4 5//m, IM^iI5 0 
mA, «)#«ffi4. 5V#»6Jxfe. I/**, il«ff© 
» 2 * 7 >v K»* & «ttJB'sCD^*ll«Jfi«*#p«WT? § £ 
©T-, «^tt©^b^ES±1-S^i:3!) s T-&^. dixt 
40 M bT, » 2 ^7 7 <v KJB^KC^ M«l&jSAl bfcSfr&fc 

^b5. 3©«t3{c, *SQK®JB4TH:lrf^«ffi*»* 

[0 10 4] §i\ *Hffi«S^LfeInGaN^ 
#4T-fcfc, AlGaAs^WAlGalnPMfi® 

6 o o "c~ 7 o o 'CKit^rmmumifi 1 o o 

0°C± 1 0 0'Ci:*V'>fe«)fc^*64»tt«c©JS-&v^^:S 

wt- s 3 1 &x- § s *??b^ %mm -net. tt**twa 

50 f^S. 



(10) 
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[0105] imsMm 5 ) ^mmmm 5 x-it, ps^ 

[01061010 tt£JB&te5 O^^ttV-if*?© 

[0 10 7] CCD*^*V— 1f* ; ftt% V7-7JTMm 
4 0 l±CGaN;^77l4 0 2XtfG aN» 1 *5 

Alo.2Gao.sN*2^7^ FM4 0 5»Vp-GaN 
3>** MB 4 0 6#fcJWfcj£3*l-CV^. n-*l* 10 
7^h-14 0 3, M14 0 4, |2^7<?Ki40 5 
M3>*^M4 0 6tt*l*?v KJ14 0 3&-SB 

bT> «1^5yKJI4 0 3©«H»±Cttnffl«i4 
2 

[0 10 8] i©****!'— jfjtfftt* 03*ttWTO«t 
5CbT^irr3£i:#T-i*S. 

[0 10 9] *-f, 0 1±CM0CV 

Di£Ci!)GaN; < !977'I4 0 2 (gJ¥0. 0 5a 20 
m) s GaNil^5vFI4 0 3, /> K- 
^#HrSttJi 4 0 4, Alo.zG ao. 8 NI 2^7-v FJg 
405MP-GaN3>^^M40 6 0WP0. 2 
Am, H-^>hMgs ^'JtIK5xl0 17 c 

[Olio] *-if#pitti4 0 5 i tt, # 

I©Gao.Jno.sPl?#Pi (BiPO. 0 0 3 a 
m) £jE£il£^feo ^UTs Pi40 3tt, 

tg^jg 4 0 4ffia*>6>^Sf6^i^JPJl (J1J?0. 0 3a 
m) fc=Ftt»»iin» (JfJ»2. 97^ K-^>hS 30 
i> ^ t 'JtiS5xl0 18 cm- 3 ) fc*J$fi$HI:fc. 
■€bT, 12^79^14058, rS14«4 0 4 
7Hil#UlM (**0. 0 5 Am) fc^*fi!ft»JinJi 
(BIPO. 0 5 Am, M^bMg, ^'JtiS5 
x 1 0 17 cm- 3 ) h^rfigS^-e-feo 

[oiii] ±iBMocvDj6iS,fi' : t i ©^;afi?s)S (SSffi 

fifcRfift) {±9 0 0°C~1 1 0 0*CT*fe!3s CixCJ:D 
il^7'yK14 0 3 T-tt^f^iQjf A^^B^I^ 
SnB-Nffl^^iffiiSt* 5 ®- 5s SSB4 0 4fflj*6^W 
WMI(4 10 01J¥0. 0 1 Am) fc?HW»EflHI« 4C 
SMJS4 1 1 (MiPO . 0 2 Am) h^WfoWMW& 4 
12 (HJP2. 9 7 Am) tC^ilS. 

kji 4 o 5X'&^m®&bMfrtt&&yo#&nte^ 
(D^mmm^m^^s ?sttJi4 o 4«*&**mmm> 

^S^4 1 3 (Jg)P0. 0 2 Am) fc^^fi^JtfHftKffi^ 
4 14 OfJPO. 0 4 Am) fc^fcfi^J^JDfK^ l 5 
(SJP0. 0 4ahi) £\Cftti>fi%o fc^ *#f«f 
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[0 112] -tr©^, ^y^^SffoTlSl^y H 
J13 0 3^-gPStB^-a-v ^CDBUSLtRtf^v** b 
f 4 0 6±fc&*n3l*ffi4 2 0SVpSlS4 2 1 * 

[0 113] dCtat. *HJfi^*5©»3lfi^*- 

K*?T*(i> ^s*tj^»Ji©JfJP£p3i^y bBfflfl 
tnl^5»; PAW* ?>fcJP< bT*5 r pS^i® 

[0 114] *il^i5 0«*y'f^- 
T nlti4 2 0 J:pltft4 2 1 £V>mi~MJ5faMm 
SEPiJPb S&ft&ftO. 4 5/im, it)f£SiSt5 0 

[0 115] *«BBHLhEI8EJB^»fclS«**T'* 
ffitb^JWP) -^■©JfJiK'Alrggtifcs F-^>H 

[0 116] $i,mkVL-o^t&, MOCVDi£icRSS>ft 
-fs MB E («it^H & LPE («ffix. 
^p^.*,—) MOMBE& ALE (I^xKi' 

tsctc i ^bfe* s s s'j fc*aw*Ji©^ft*ff o t •& «fc 

<Dmmimitr%¥tm(Di&Mumizit^xm5 o-c~2 o 
o*cgftfi< bt*>.fcv. 

[0 1 1 7] ±aibfeJ^l^©ffe© ; H'*4^^ffi < ' ,1 
[0 118] 

[0 119] ##PJ!©ft2&K4fcJ;3i§-&£ttx ±fB^ 

w$n%;'pw$, t ^mmmamM t omvimtt n & ^ m 

0 [0 12 0] WCs *f6B9©»*3H5 tiS^Ctt, 



(11) 
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&W.lz i -o x i> JWHiS tf^-fb LTf=!H4&{b#£ b^© 

& o 

[0121] *mmm>£m6Rvm&m7t£z>i%<& 
mzwmtzziitisx-g&o io 

[0 12 2] *^©|f^ll8^J;S^Ctt, ±13^ 
iofif^t&W- 3W$i©*^ U TiftK© l / 5 J^Ttr^- 

[0 12 3] *^fflif^9Ci5^Cii, ±13^ 
m.%Hifc'Pffii$,<Z>mfr* 3 nm«i 1 0 nmWTtt^- 
ht:i!3> #tt^b^*^tr?p$iJt-si:ft^i&^*m^ 

[0 12 4] *^BJ©if5t<Iil OCiSi^Cit ±13 20 

gJilffl^S i) £ |ql± $ * 5 - £ &X- § 5 » 
[0125] *^W©lf^« 1 1 CiSl^Cll ±13 

KJifc:|9!tf-&4>©©ff**x nl^7 y KJlXfcfcnSBfc 
*f-Y b'«ci&tt&&©©P^<fc 9 -rscfctrj; 

[0 12 6] #$BBI3©8l#«l 2£J;3±§i§rfc:(£, ±13 30 
^FW** lffl«ft1H«Off*fe 3 nmtti 1 0 nmfilTC 

{tiitt££iSl±;**3<l2:* s T-#, TOB«3Hinffitt 
AxarSftS^©^ Uir&AftRlS-rs^fcfc&V©-*? 

[0 12 7] *«B^©sf^IIl 3fc«fc3»&lCBu ±13 

*>/Jn^ < . *-f#pJgoS8liiJ«««t!)4»^*<f 40 
iitt-t^ Al»«Jt*#>*<bt^»M(liattDfR« 

[0 12 8] *»MoW«ai 4fcJ;3»&fctiU ^tt 

4>/h£<-f £>.ri:£i!K 7MMSftlWM<DAiailit 
* J: »> Hf'hS 4 ©T?, *?©©att 

££££|S]±;*-M-£ 50 



1 1 -2 7 4 6 4 4 

20 

[0 12 9] ##§BJ3©f]f5RlH 1 5Ci5»&Ktt, ftfc 
^fiS*%M«c* s ®- 5 JBV> A 1 G a I nP SM**4xt± I n 

lift * [SI ± $ * 5 d 1fi T- g % . 
[0 1 3 0] *ftqB<Dfl|2&g| 1 6 CiSa^Ctt. ISA 

ffitt i: &«ratt A < ffiff&KS 7-d -fe x TffMSM- * - k 
tot, J*P©eiKttJ&«H<s Ki#fijEjb s <£ 

[0131] *ftiB©fflf:&9 1 7ti5i^Cil ±83 

na^^ k ji^jaffltRw-fc *>©©**£!>*>»< -r 
[laa©^*^^] 

[HI] SS«6J&JBl©*#f*:i'- ; lf^©«^<£^Wf 
0T-fc£„ 

"[13] iafi^JBl©*SW*:U-1f*^fc*SJt5SB2 3tt 
KJloTWW^n**©*-*' U TMEfciWIMMEfc 

[@5] mmftm2(D*mfoi'— tfj*?©*fi£ 
[^6] mmmmzv^mfai'— v*tt&\fzm&m 

[18] Saii^J»3©flb©*«IK*:U--!f* ; ffc*Sl*5S 
ffiSi£ei©n> ^-Yt^7i»4wtitfe5. 
[0 9] IQ6»»4©fS^'f*-H* ; f-©«lJESSw-r 

»tH0t-&s. 

[010] 3HS£^<B 5 ©3B#*y Ffc^OfcJSSw 
^-Bfffl0T-$)5o 

[011] ^©#»»U--lfS(S : FK:*(t4SttJBiE« 
©n> H^ty7A^tit^5. 
[^©Ittra] 

loi, 2oi, 301, 401 mm 

1 0 2, 2 0 2, 3 0 2, 4 0 2 /W7rl 
1 0 3, 2 0 3, 3 0 3, 4 0 3 &l?7vYJB 



(12) 



11-274644 
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1 0 4, 2 0 4 miHiM K® 

105. 205, 304, 404 if#PSttl 

1 0 6, 2 0 6 »2>fc:*M KB 

107, 207, 305, 405 %2f?vYm 

108 ^y^y^XY y7J9 

109 m3^^^vm 

1 1 0, 2 0 8 

ill, 210 nmirtm d&«>jb 
1 1 2 a^iSitH 

1 1 3 ¥fi<bji 

1 1 4, 3 0 6, 4 0 6 3>^^M 
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150, 212, 321, 421 p^Sffi 

151, 211, 32 0, 420 nStl 
1 2 0, 2 2 0 i?#Fl 

12 1, 2 2 1 ^U^B 

1 3 0, 1 4 0, 2 3 0, 2 4 0, 2 5 0, 2 6 0, 3 
12, 412, 415 ^WfoW&n^M 

13 1, 141, 231, 241, 251, 261, 3 
11, 4 11, 4 1 A^m^f^^SMM 

1 3 2, 1 4 2, 2 3 2, 2 4 2, 2 5 2, 2 6 2, 3 
10 10,410,41 ^M3^/J; 



[01] 



[02] 



[06] 



1 13 - 
1 12 
111 - 



-150 

-114 
-110 

-109 

.108 
-107 
-106 
-105 
-104 
-103 
-102 

-101 
-151 



8X1 0 17 . 



4* 
4f 




[03] 



[04] 
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